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Introduction: Low birth weight is one of the main health predictors for childhood and adulthood. It is 
highly prevalent in developing countries and in children from poorer social classes.
Objective: To analyze the geographical distribution and the trends of full-term low birth weight in the 125 
municipalities of the department of Antioquia and their association with the socioeconomic conditions of 
the municipalities between 2000 and 2014.
Materials and methods: We conducted a longitudinal ecological study. The dependent variable was 
the prevalence of full-term low birth weight in 125 municipalities. The socioeconomic conditions of the 
municipalities were evaluated using the Human Development Index and the unsatisfied basic needs index.
Results: Between 2000 and 2014, the prevalence of full-term low birth weight in Antioquia was 
2.7 per 100 live births; this prevalence decreased steadily over time. This trend was also observed 
between regions, with the exception of the Occidente and Urabá regions, which showed increases of 
approximately 20.0%. The results also showed a reduction in geographical differences between the 
125 municipalities, with the coefficient of variation decreasing from 20.6% to 13.72% over the 14-year 
period. Finally, we found a positive social gradient between the full-term low birth weight prevalence 
and the level of development in the municipalities. 
Conclusion: Full-term low birth weight prevalence decreased between 2000 and 2014, with some 
regions showing greater reductions than others. Paradoxically, less developed and poorer areas 
had a lower prevalence, which may be a result of underreporting of birth weight information in these 
municipalities.
Key words: Health inequalities; spatial analysis, geographical mapping, social determinants of health.
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Bajo peso al nacer en niños nacidos a término en Antioquia y su relación con las condiciones 
socioeconómicas de los municipios, un análisis espacio-temporal
Introducción. El bajo peso al nacer es uno de los principales indicadores predictores de la salud en 
la infancia y la adultez, y su prevalencia es elevada en los países en desarrollo y en niños de clases 
sociales pobres.
Objetivo. Analizar la distribución geográfica y la tendencia del bajo peso al nacer de niños nacidos a 
término en los 125 municipios de Antioquia, y su asociación con las condiciones socioeconómicas de 
los municipios entre el 2000 y el 2014.
Materiales y métodos. Se hizo un estudio ecológico longitudinal. La variable dependiente fue el bajo 
peso al nacer a término en los 125 municipios; las condiciones socioeconómicas de los municipios se 
evaluaron según sus índices de desarrollo humano y de necesidades básicas insatisfechas.
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Resultados. La prevalencia de bajo peso al nacer a término en Antioquia fue de 2,7 por 100 nacidos 
vivos entre 2000 y 2014, con una reducción constante. Esta tendencia se observó en todas las 
subregiones, excepto en las de Occidente y Urabá, en las cuales el incremento fue de 20 %. Los 
resultados evidenciaron una reducción de las brechas geográficas entre los 125 municipios. Además, 
en todos los trienios se evidenció un gradiente social positivo en la asociación entre el bajo peso al 
nacer a término y las condiciones socioeconómicas de los municipios.
Conclusión. Se observó una mayor tendencia decreciente del bajo peso al nacer a término en unas 
subregiones. Paradójicamente, se registró una menor prevalencia de bajo peso al nacer a término en 
las regiones menos desarrolladas y más pobres, lo que posiblemente se explica por el subregistro del 
peso al nacer.
Palabras clave: desigualdades en la salud; análisis espacial, mapeo geográfico, determinantes sociales 
de la salud.
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Currently, low birth weight (LBW) is listed as the 
most important predictive index of child mortality 
(especially neonatal mortality) and the calculation 
of its prevalence is considered a relevant health 
indicator (1). Low birth weight is defined by the 
World Health Organization (WHO) as a newborn 
with a birth weight of 2,500 grams or less (2). The 
United Nations, the United Nations International 
Children’s Emergency Fund (UNICEF), and the 
Economic Commission for Latin American and the 
Caribbean (ECLAC) have reported that the risk of 
neonatal death in children born with a LBW is four 
times higher than that of children weighing 2,500 to 
2,999 g at birth and 10 to14 times higher compared 
to children born with weights between 3,000 and 
3,499 g (3).
Low birth weight is an important prediction mech-
anism for newborn health and survival. It is a 
determinant of nutritional status and is associated 
with morbidity, decreased immune functions and 
difficulties in cognitive development. In adulthood, 
LBW is associated with increased risk of developing 
non-communicable diseases (4). It is estimated 
that a significant number of children who survive 
LBW suffer from neurological and intellectual disor-
ders. Moreover, high LBW prevalence increases 
outpatient and hospital morbidities for different 
diseases, such as acute respiratory infection, acute 
diarrheal disease, urinary sepsis and anemia(5).
Two indicators are used by governmental health 
institutions in Colombia for birth weight surveillance: 
LBW in all gestational ages and full-term LBW, 
which excludes preterm babies (5).
According to the Pan American Health Organization 
(PAHO), in 2012, Colombia had a LBW prevalence 
of 9,2%, a rate that exceeds the average for Latin 
America and the Caribbean (7,8%) (5). A study 
carried out by the Instituto Nacional de Salud found 
that in Colombia, the prevalence of LBW rose 
continuously from 7.2% in 1998 to 8.6% in 2012. 
Although there are still no definitive data, the rate 
for 2015 was estimated to be 9.0%, assuming that 
conditions remained the same. The cited study 
also showed that Antioquia´s full-term LBW preva-
lence was 3,0% in 2015, which was higher than 
the Colombian average of 2.6% (5). Antioquia is 
located in northwestern Colombia and is the most 
populous department in the country, and the sixth 
in extension (6).
Low birth weight has contextual and individual deter-
minants, including the following: Being the firstborn, 
gender (more frequent in girls), having complications 
in the womb due to non-specific infections, and 
being a child of a young mother or a mother living in 
precarious socioeconomic conditions who has poor 
nutrition for long durations before and during preg-
nancy (1,4,7). Other factors that influence LBW are 
prior medical risks (i.e., arterial hypertension and 
kidney or thyroid disease) and complications during 
pregnancy, including gestational hypertension, in-
adequate weight gain during pregnancy, a short 
interval between pregnancies, gestational diabetes 
and performing an excessive or inappropriate 
amount of physical work (1,8).
Low birth weight is a phenomenon that mainly 
occurs in developing countries, where it is one of 
the main mechanisms for the intergenerational 
transmission of poverty and inequality (9). In 
industrialized countries, the percentage of LBW is 
approximately 7%, whereas, in developing coun-
tries, it is higher than 17% (7) and can exceed 40% 
in some cases (4). 
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The effects of the geographical location on birth 
weight have been observed for various features at 
the individual level (10). Contextual and multi-level 
analysis studies have attempted to explain the 
association between the individual and the territory 
or geographical area and LBW (11,12). Some 
studies have reported that neighborhood conditions 
influence the health outcomes of children, with 
impoverished environments, low education levels, 
and overcrowded housing all being associated with 
an increased risk of LBW (13-15). Furthermore, 
it has been suggested that other aspects of the 
physical and social environment are related to 
LBW. These factors include stress, environments 
with violence and crime, racial discrimination, air 
pollution, low levels of social cohesion, environ-
ments with few opportunities for outdoor recreation, 
and unemployment (11,15-17).
In this study, we aimed at determining the geogra-
phical distribution and the trends in low birth weight 
in the municipalities of the department of Antioquia 
and their association with the socioeconomic condi-
tions of the municipalities between 2000 and 2014.
Materials and methods 
Design, unit of analysis and study population 
We conducted an ecological study that analyzed 
full-term LBW trends using data from the 125 
municipalities of Antioquia between 2000 and 
2014. Antioquia is divided geographically into 
9 subregions: Bajo Cauca, Magdalena Medio, 
Nordeste, Norte, Occidente, Oriente, Suroeste, 
Urabá and Valle de Aburrá. The analysis units were 
the 125 municipalities, which contain 14,5% of the 
Colombian population (18). In 2012, the smallest 
municipality had a population of 2,290 inhabitants 
and the largest had a population of 2,393,011 
inhabitants. The study population consists of live 
births to mothers who resided in any of the 125 
municipalities of Antioquia between 2000 and 2014.
The subregions with a better quality of life include 
Valle de Aburrá, Oriente, and Suroeste. Medellín 
and other larger cities are all located in the first 
subregion. Manufacturing and services are the 
leading economic sectors in this subregion. The 
Oriente and Suroeste subregions have medium-
sized cities, and their economies are based on 
agricultural production, including coffee, and 
services (6).
The poorest regions of Antioquia are Urabá and 
Bajo Cauca. Urabá´s economy is based on the 
banana agroindustry, while Bajo Cauca is a mining 
region. Both are characterized by the presence of 
illegally armed groups and have a strong presence 
of illicit crops and illegal mining (6).
The Norte, Nordeste, Occidente and Magdalena 
Medio subregions have small cities with high 
proportions of poor populations working on small 
farms who lack basic public utilities. All of the 
subregions have armed illegal groups (6).
Information sources 
Data on live births grouped by municipality and year 
(2000-2014) were obtained from the Departamento 
Administrativo Nacional de Estadísticas, (DANE). 
The data on municipal socioeconomic charac-
teristics for 2005 were obtained from the Statistical 
Yearbook of Antioquia and the National Human 
Development Report.
Variables
Dependent variable: Prevalence of LBW at the 
municipal level. The dependent variable was the 
LBW, which was defined as the number of live 
births with a birth weight of 2,500 grams or less 
in every 100 live births from singleton pregnancies 
lasting 37 weeks of gestation, or more. Therefore, 
hereafter, we call our dependent variable Full-Term 
Low Birth Weight (FT-LBW). The mothers in this 
study were between 18 and 45 years of age. 
Independent variables: Socioeconomic conditions 
of the municipalities. We analyzed two socio-
economic indicators as independent variables: 
• The percentage of the population with unsatisfied 
basic needs (UBN) to measure the proportion 
of the population that had at least one of the 
following unmet basic needs in 2005: inadequate 
housing, housing with critical overcrowding, 
housing with inadequate services, housing with 
high economic dependence, and housing with 
school-age children who did not attend school. 
This variable was expressed in quintiles.
• The municipal human development index (HDI) 
to measure the level of development in each 
municipality in 2005 for three dimensions: 
health, education, and income. This variable 
was expressed in quintiles.
Statistical analysis
To provide a sample size adequate to produce 
robust LBW estimates, birth data were aggregated 
into five time-periods: 2000-2002, 2003-2005, 
2006-2008, 2009-2011, and 2012-2014. 
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First, we estimated the prevalence of FT-LBW for 
each subregion, municipality and period using as 
the numerator, the number of live births to mothers 
between ages 18 and 45 who delivered babies 
with a birth weight of 2.500 grams or less at 37 or 
more weeks of gestation. The denominator was 
the total number of live births resulting from single-
ton pregnancies lasting 37 weeks of gestation or 
more in mothers between 18 and 45 years of age. 
Then we multiplied this ratio by 100 to obtain the 
prevalence of FT-LBW.
To improve the accuracy of the estimates for 
municipalities with a low number of live births, the 
prevalence for each time period was smoothed 
using the Bayesian hierarchical model proposed 
by Besag, York, and Mollie (BYM) (19,20). This 
model combines information on LBW from each 
municipality with the average of the neighboring 
municipalities, thereby reducing the variability of 
the estimates. The BYM model was specified for 
each municipality and study period as:
Yi  ~ Binomial (ni, pi )
logit (pi) = ß0+ vi + ui
where ni  is the denominator within each municipality 
i. Prevalence in each municipality i is represented 
by pi. The model has two random effects reflecting 
the non-spatial and spatial variables (vi, and ui, 
respectively). These random effects allow for the 
estimation of the smoothed prevalence for each 
municipality and time period as exp (ß0+ vi + ui ). For 
spatial effects, a priori distributions were assigned 
through an intrinsic conditional auto-regression 
(ICAR) distribution with a variance of σv  (20). For 
non-spatial effects, a normal distribution was used 
with a mean of zero and a variance of σu . A half-
normal distribution with a mean of 0 and a precision 
of 0.0001 was assigned to the standard deviations 
σv and σu (21). A normal vague prior distribution 
was assigned to the parameters ∝.
This model estimates the a posteriori mean of 
the smoothed prevalence and its respective 95% 
credible interval for each municipality. Maps and 
tables are used to represent the distribution of the 
smoothed prevalence values and the probability of 
each municipality showing an FT-LBW prevalence 
higher than that of Antioquia as a whole (i.e., 
for each municipality I was calculated as PrPi   = 
Probability (smoothedPi > prevalence of Antioquia). 
Descriptive statistics analyses were conducted 
using: 1) Tables and bar graphs displaying the 
prevalence of each period and subregion and its 
respective 95% confidence intervals; 2) choropleth 
maps displaying the geographical variation of 
the FT-LBW prevalence in each period and its 
corresponding a posteriori mean; 3) contingency 
tables showing the distribution of FT-LBW preva-
lence according to period and quintiles of the 
socioeconomic variables, and 4) estimates of the 
coefficient of variation for each period, which help 
to describe the geographical inequalities of FT-
LBW and their evolution over time. The coefficient 
of variation was calculated using the ratio between 
the standard deviation of the municipal prevalence 
values and their mean.
Finally, we analyzed the evaluation of the relation-
ship between the FT-LBW prevalence and the 
socioeconomic conditions in the five periods, as 
well as their changes over time. For this analysis, 
the BYM model was used as an ecological regres-
sion model that included socioeconomic variables 
separately, the time period and its interaction with 
socioeconomic variables. These were categorized 
into quintiles and were included in separate models 
as four dummy variables (QSE), with the less poor 
or less developed areas serving as the reference 
group. Similarly, time period was included in the 
model using four dummy variables (P), in which 
the first period (2000-2002) was used as the refer-
ence category. The ecological regression model 
was specified as follows:
where each municipality is represented as i and 
each period as t (t=1 for period 2000-2002, t=2 
for period 2003-2005, t=3 for period 2006-2008, 
t=4 for period 2009-2011, and t=5 for period 2012-
2014). Table 1 shows the main results of this model. 
Specifically, for each period, the relative risk (RR) of 
FT-LBW in each socioeconomic group, along with 
the corresponding 95% credible intervals (95% CI). 
That is, for the first period, , 
for the second period, , 
for the third period, , for 
the fourth period, , and 
for the fifth period, .
These models were estimated using the integrated 
nested Laplace approximation (INLA) algorithms 
available in the INLA library of the R.3.3.0 statistical 
package (22).
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Results
Between 2000 and 2014, there were 886,570 live 
births in Antioquia. Of these, 24,312 were born with 
FT-LBW, for an estimated prevalence of 2.7 per 100 
live births. Analysis of the differences in FT-LBW 
between subregions found that three subregions 
had a significantly higher FT-LBW prevalence than 
Antioquia as a whole (Norte, Oriente, and Valle de 
Aburrá). The prevalence in the Norte subregion 
was substantially greater than the prevalence in 
Antioquia, whereas the prevalence estimates for 
Bajo Cauca, Magdalena Medio, Nordeste, and 
Urabá were lower (figure 1). 
When we examined FT-LBW trends, it was clear 
that there was a significant 34% decrease in its 
prevalence from the first time period (2000-2002) 
to the fifth (2012-2014), as the rate changed from 
3.21 births/100 to 2.12/100 (table 2).
This decreasing trend was similar between sub-
regions. Figure 2 shows the proportion of the change 
in the prevalence for each subsequent time period 
compared to the first time period (2000-2002). Posi-
tive values indicate a reduction, whereas negative 
ones indicate increases. The figure shows how the 
largest reductions in all measured time periods were 
observed in Nordeste, Valle de Aburrá, and Bajo 
Cauca subregions, with 43,5%, 36,5%, and 34,0% 
decreases, respectively, compared with the first 
time period. In contrast, the Occidente and Urabá 
subregions had increased prevalence rates of 
approximately 20.0% for the 2006-2008 and 2009-
2011 periods, compared with the first time period. 
The three subregions with the largest improvement 
in the last time period were Occidente, Urabá, and 
Norte. These subregions initially had increasing 
prevalence rates in 2006 and 2011 but reversed 
this trend with marked reductions in 2012-2014.
Table 1. Relative risk of full-term low birth weight in quintiles of poverty (UBN) and development (HDI) by time period in 125 
municipalities in Antioquia, 2000-2014
 
2000-2002 2003-2005 2006-2008 2009-2011 2012-2014
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
UBN
Less poor 1.00 1.00 1.00 1.00 1.00
Q2 0.92 (0.76-1.09) 0.92 (0.74-1.13) 0.98 (0.77-1.23) 1.23 (0.97 – 1.54) 1.05 (0.84 – 1.29)
Q3 0.88 (0.73-1.05) 0.94 (0.76-1.15) 1.08 (0.86-1.35) 1.04 (0.82 – 1.30) 1.14 (0.92 – 1.40)
Q4 0.80 (0.65-0.98) 0.8 (0.62-1.00) 0.89 (0.69-1.15) 0.94 (0.72 – 1.21) 0.83 (0.65 – 1.04)
Poorest 0.85 (0.67-1.06) 0.81 (0.61-1.04) 0.94 (0.71-1.24) 0.99 (0.74 – 1.31) 0.89 (0.70 – 1.13)
HDI
Less developed 1.00 1.00 1.00 1.00 1.00
Q2 1.12 (0.92-1.36) 0.93 (0.75-1.14) 0.98 (0.77-1.23) 0.93 (0.74 – 1.16) 1.02 (0.80 – 1.27)
Q3 1.08 (0.87-1.31) 1.11 (0.89-1.37) 1.18 (0.93-1.49) 1.09 (0.86 – 1.36) 1.17 (0.92 – 1.46)
Q4 1.17 (0.94-1.44) 1.19 (0.94-1.49) 1.15 (0.89-1.46) 1.36 (1.06 – 1.72) 1.38 (1.07 - 1.73)
More developed 1.05 (0.83-1.31) 0.98 (0.76-1.25) 0.96 (0.73-1.24) 1.13 (0.87 – 1.45) 1.11 (0.86 – 1.41)
Q2: quintile 2; Q3, quintile 3; Q4: quintile 4; CI: confidence interval
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Figure 1. Prevalence and respective 95% confidence intervals of full-term low birth weight by subregion in Antioquia, 2000-2014
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The trends observed in Antioquia as a whole and 
in each subregion did not provide information on 
the larger geographical variations in FT-LBW. The 
spatial patterns of the smoothed prevalence values 
and the respective posterior probabilities (PPR) 
are shown in figure 3. The results for the first time 
period showed geographic clusters with high FT-
LBW prevalence rates in Valle de Aburrá, Nordeste, 
Suroeste, and Occidente subregions, while low 
prevalence rates were observed in Urabá, Bajo 
Cauca, and Magdalena Medio. The greatest FT-
LBW prevalence rates in Antioquia were observed 
in the municipalities of Rionegro, Medellín, Guarne, 
Angostura, Santa Rosa de Osos, Concordia, 
Yarumal, and Caldas, all of which had a higher FT-
LBW prevalence than Antioquia (between 11.9% 
and 35.1%). Chigorodó, Carepa, and Arboletes 
had a lower prevalence of FT-LBW compared to 
Antioquia. This geographical pattern was constant 
over the time periods for the Nordeste, Valle de 
Aburrá, Oriente, Suroeste, and Magdalena Medio 
subregions, as well as in those with the highest 
FT-LBW prevalence in the last time period. The 
municipalities that presented a greater prevalence 
than Antioquia were Medellín, Rionegro, Carmen 
de Viboral, Yarumal, and Santa Rosa de Osos, with 
prevalence rates that ranged from 9.1% to 32.0%. 
Caucasia, Segovia, Chigorodó, Mutatá, Apartadó, 
Zaragoza, Carepa, Necoclí, and El Bagre had a 
lower FT-LBW prevalence than Antioquia (figure 3). 
The smoothed maps also provided evidence of a 
reduction in the gap between the municipalities for 
FT-LBW. The results of the coefficients of variation 
showed a decrease of 13,7% between the periods 
2009-2011 and 2012-2014, indicating that inter-
municipal differences are decreasing over time. 
Figure 4 shows the comparisons of the preva-
lence maps, with the distributions of the analyzed 
socioeconomic indicators. We found that FT-LBW 
prevalence had an inverse geographical pattern to 
that of the socioeconomic variables, where more 
developed municipalities with lower poverty rates 
had a greater prevalence.
Table 2. Distribution of live births and prevalence (percent) of full-term low birth weight, Antioquia, 2000-2014
Period Full-term low birth weight (n) Births (n) Prevalence IC (95%)
2000-2002 6,472 201,862 3.21 3.12-3.28
2003-2005 5,272 187,330 2.81 2.73-2.89
2006-2008 5,152 183,982 2.80 2.72-2.87
2009-2011 4,137 158,477 2.61 2.53-2.69
2012-2014 3,279 154,919 2.12 2.04-2.18
2000-2014 24312 886,570 2.74 2.70-2.77
-30,0
-20,0
-10,0
0,0
10,0
20,0
30,0
40,0
50,0
Bajo
Cauca
Magdalena
Medio
Nordeste Norte Occidente Oriente Suroeste Urabá Valle de
AburráR
at
e 
of
 d
ec
re
as
e 
ov
er
th
e 
fir
st
 th
re
e-
ye
ar
 p
er
io
d 
Subregion
2003-2005 2006-2008 2009-2011 2012-2014
Figure 2. Change in the prevalence of full-term low birth weight comparing the first period (2000-2002) with the other study 
periods, Antioquia
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The distribution of FT-LBW prevalence rates by 
socioeconomic conditions in the municipalities 
were consistent with this finding (table 3). For 
all time periods, the FT-LBW prevalence was 
significantly higher in the more developed and 
less impoverished municipalities, which provides 
evidence of a positive social gradient for FT-LBW. 
Additionally, FT-LBW prevalence declined steadily 
between 2000 and 2014 for municipalities at all 
levels of deprivation and development (table 3). 
However, the most deprived and underdeveloped 
quintile had a significantly greater decline in FT-
LBW prevalence than the least deprived and under 
developed quintile.
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Figure 3. Spatial patterns of full-term low birth weight prevalence and posterior probability maps, Antioquia, 2000-2014
Figure 4. Spatial distributions of the percentage of households according to the Unsatisfied Basic Needs and municipal Human 
Development indices, Antioquia, 2005
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Table 1 shows the associations between the indi-
vidual socioeconomic variables and FT-LBW. Ac-
cording to the results, FT-LBW was not significantly 
associated with the level of poverty measured by 
the UBN variable. For HDI, during the last two time 
periods, the more developed municipalities (fourth 
quartile) showed a significantly higher risk of FT-
LBW than the less developed municipalities, with 
an increased risk of approximately 40%. 
Discussion
In Antioquia and all of its subregions, FT-LBW has 
decreased over the last fifteen years. Recently, 
there has also been a reduction in geographic 
gaps between municipalities, although inequalities 
between both municipalities and subregions persist. 
In this department, FT-LBW prevalence is inversely 
associated with the socioeconomic conditions of 
the municipalities, confirming a “low birth weight 
paradox”. In other words, the greatest FT-LBW 
prevalence was observed in the municipalities 
with lower poverty rates and greater development, 
reflecting a positive social gradient. This so-
called paradox is an incidence of low birth smaller 
than the expected level, according to the socio-
economic conditions of countries, ethnicities, and 
municipalities. This phenomenon has mainly been 
studied in developed countries, Asia, and Brazilian 
municipalities (23-26). Systematic evidence shows 
that mothers living in or coming from lower socio-
economic environments, with lower socioeconomic 
status, who have to face social disadvantages have 
a lower probability of delivering low birth weight 
babies compared to native mothers of wealthy 
countries or those living in developed munici-
palities (23-26). According to Fleuriet, the specific 
pathway by which this protective effect impacts 
birth weight has not been yet identified (26).
Here we suggest that the FT-LBW paradox may 
be explained more by underreporting of birth 
weight information in poorer municipalities than 
by an actual socially determined cause. Based on 
the findings of Silva, we also venture that factors 
such as improved medical interventions in preterm 
Table 3. Prevalence of full-term low birth weight by quintiles of unsatisfied basic needs (UBN) and human development (HDI), 
Antioquia, 2000-2014
Period UBN Prevalence (IC 95%) HDI Prevalence (IC 95%)
2000-2002 Less poor 3.46 (3.35-3.56) Less developed 2.56 (2.27-2.83)
Q2 3.24 (2.96-3.51) Q2 2.76 (2.52-2.98)
Q3 3.12 (2.85-3.38) Q3 2.71 (2.51-2.91)
Q4 2.51 (2.29-2.73) Q4 3.14 (2.90-3.37)
Poorest 2.40 (2.19-2.60) More developed 3.47 (3.36-3.57)
2003-2005 Less poor 3.01 (2.91-3.11) Less developed 2.36 (2.10-2.61)
Q2 2.97 (2.68-3.25) Q2 2.19 (1.97-2.39)
Q3 2.92 (2.64-3.19) Q3 2.61 (2.41-2.80)
Q4 2.29 (2.07-2.50) Q4 2.88 (2.64-3.10)
Poorest 2.15 (1.96-2.33) More developed 3.02 (2.91-3.12)
2006-2008 Less poor 2.91 (2.80-3.00) Less developed 2.40 (2.15-2.65)
Q2 2.99 (2.69-3.28) Q2 2.38 (2.15-2.60)
Q3 3.13 (2.82-3.42) Q3 2.78 (2.58-2.98)
Q4 2.38 (2.16-2.59) Q4 3.17 (2.92-3.42)
Poorest 2.41 (2.22-2.59) More developed 2.86 (2.76-2.96)
2009-2011 Less poor 2.73 (2.62-2.83) Less developed 2.22 (1.96-2.46)
Q2 3,22 (2,88-3,56) Q2 2.06 (1.83-2.28)
Q3 2.54 (2.23-2.83) Q3 2.32 (2.11-2.52)
Q4 2.11 (1.89-2.33) Q4 3.18 (2.90-3.45)
Poorest 2.20 (2.01-2.39) More developed 2.73 (2.62-2.83)
2012-2014 Less poor 2.21 (2.11-2.30) Less developed 1.73 (1.50-1.95)
Q2 2.31 (2.01-2.60) Q2 1.75 (1.53-1.95)
Q3 2.48 (2.16-2.78) Q3 1.95 (1.76-2.14)
Q4 1.67 (1.46-1.86) Q4 2.36 (2.11-2.60)
Poorest 1.78 (1.60-1.95) More developed 2.23 (2.13-2.32)
2000-2014 Less poor 2.90 (2.85-2.95) Less developed 2.26 (2.14-2.37)
Q2 2.98 (2.84-3.11) Q2 2.25 (2.15-2.35)
Q3 2.88 (2.75-3.01) Q3 2.51 (2.41-2.59)
Q4 2.22 (2.12-2.31) Q4 2.97 (2.86-3.08)
Poorest 2.19 (2.11-2.27) More developed 2.90 (2.85-2.95)
Q2: quintile 2; Q3, quintile 3; Q4: quintile 4
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newborns towards the end of pregnancy or arti-
facts in the determination of gestational age, may 
explain LBW rates due to the availability of better 
technologies that guarantee higher live births rates 
in more developed municipalities, even in children 
at high risk for low intrauterine growth caused by 
pregnancy complications (23). 
We believe that the possible limitations of the 
socioeconomic indicators (UBN and HDI) used in 
our study have no role explaining the LBW para-
dox. More so, they complement each other. UBN 
measures vulnerability in public utilities such as 
water and in house conditions, while HDI measures 
income, school achievement, and life expectancy, 
and encompasses several dimensions of the deter-
minants of social development for the health and 
nutrition status at the municipal level. On the other 
hand, no insufficient records or underreporting 
have been reported for those indicators.
Our findings coincide with those reported by the 
Colombian Instituto Nacional de Salud (INS), which 
reported a prevalence of FT-LBW of 3.0 cases 
per 100 live births in Antioquia in 2015. Although 
a socioeconomic analysis was not conducted, this 
report showed that some developed departments 
such as Bogotá, Boyacá, Cundinamarca, Antioquia, 
and Quindío, have the greatest FT-LBW rates (5).
The decrease in FT-LBW in Antioquia is similar to 
the trends of other countries in Latin America and 
worldwide but it contradicts the trends in Colombia. 
Donoso, et al., analyzed LBW trends in Chile and 
Cuba between 1991 and 2001 and they found 
that Chile showed increased LBW rates in 1994 
but achieved stability for this indicator between 
2000 and 2001 through the implementation of 
the complementary maternal food program and 
an 18% reduction in poverty between 1990 and 
2000. In Cuba, a significant reduction in LBW was 
observed as a result of the implementation of a 
national program for its reduction (27-29).
There are some potential limitations of the present 
study. The information on municipalities’ socio-
economic conditions corresponds only to data from 
half of the analyzed time period, which were derived 
from the ecological model used. Another caution to 
be considered is that when analyzing FT-LBW, it is 
very difficult to make comparisons both within and 
between countries because most of the information 
available on this phenomenon does not represent 
the general population. Therefore, most data do not 
reflect the full extent of the problem. In industrialized 
states, the main sources of information on LBW 
come from data systems and national birth records. 
In developing countries, 65% of newborns are not 
weighed, and thus, these estimates are mainly 
derived from data reported in national household 
surveys (4,30). It is possible that also in Antioquia 
there was some level of underreporting, especially in 
the poorest municipalities; therefore, it is necessary 
to be cautious when analyzing birth weight data, as 
it must be complemented by continuous monitoring 
and control processes to reduce possible errors in 
calculations and comparisons.  
In conclusion, FT-LBW has decreased in Antioquia 
and all of its subregions over the last fifteen years. 
There has also been a reduction in geographic 
gaps between municipalities, although inequalities 
between them and between subregions persist. 
FT-LBW prevalence was inversely associated with 
the socioeconomic conditions of the municipalities 
as the highest FT-LBW prevalence rates occurred 
in those with lower poverty rates and a greater 
level of development, thus reflecting a positive 
social gradient.
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